The rate of transportation, introduction, dissemination, and spread of nonnative species is increasing despite growing global awareness of the extent and impact of biological invasions. Effective policies are needed to prevent an increase in the significant negative environmental and economic impacts caused by invasive species. Here we explore this issue in the context of the history of invasion and subsequent regulation of cacti introduced to South Africa. We consider seven approaches to restricting trade by banning the following: (1) species already invasive in the region, (2) species invasive anywhere in the world, (3) species invasive anywhere in the world with a climate similar to the target region, (4) genera containing invasive species, (5) growth forms associated with invasiveness, (6) cacti with seed characteristics associated with invasiveness, and (7) the whole family. We evaluate each approach on the basis of the availability and complexity of information required for implementation, including the cost of the research needed to acquire such information, the likely numbers of false positives and false negatives, the likely degree of public acceptance, and the costs of implementation. Following a consultative process, we provide recommendations for how to regulate nonnative cacti in South Africa. The simplest option would be to ban all cacti, but available evidence suggests that most species pose negligible risk of becoming invasive, making this option unreasonable. The other extreme-reactively regulating species once they are invasive-would incur significant control costs, likely result in significant environmental and economic impacts, and limit management goals (e.g., eradication might be unfeasible). We recommended an intermediate option-the banning of all genera containing invasive species. This recommendation has been partly incorporated in South African regulations. Our study emphasizes the importance of scientific research, a legal framework, and participation of stakeholders in assessments. This approach builds awareness, trust, and support, and ensures that all interests are reflected in final regulations, making them easier to implement and enforce.
Policies for dealing with nonnative and invasive species need to address three broad categories of interventions: prevention of new introductions (reduce introduction risk by improving pre-and at-border controls), eradication of potentially invasive species that are already in the country (reduce species-based invasion debt [sensu Essl et al. 2011] by eradicating established alien species that have already become invasive or could become invasive in the future), and management of species that are already invasive and where eradication is not feasible or desirable (reduce areabased and impact-based invasion debt [sensu Bennett et al. 2012] by controlling the expansion of invasive species to new areas where they could cause new or higher negative impacts).
Efforts directed at prevention and eradication of invaders that are not yet widespread are the most cost-efficient components of such strategies: the environmental and economic costs of managing well-established invasions often far exceed the costs associated with prevention and eradication (Leung et al. 2002; Simberloff et al. 1997) . Nonetheless, most nonnative species policies focus primarily on addressing well-established invasive species and not enough attention is given to the other two categories (Burt et al. 2007; Puth and Post 2005) .
One option for limiting invasions through legislation would be to ban the importation and use of all nonnative species. However, many nonnative species are beneficial (e.g., for agriculture, horticulture, or forestry) and most have little chance of becoming invasive and causing problems (Dehnen-Schmutz 2011; Vitousek et al. 1997 ). Moreover, in many enterprises such as the pet trade and ornamental horticulture, there is a strong demand for an increasing diversity of nonnative species (Dehnen-Schmutz 2011; Smith et al. 2008) . At the other extreme, policies could be reactive (dealing with problems once they have arisen), but this approach incurs important future control costs and will likely result in significant environmental and economic impacts.
More moderate options for regulating introductions require (1) some form of explicit elucidation of the risks associated with certain groups of nonnative species and (2) the implementation of specific actions to prevent the transport, introduction, dissemination, and spread of highrisk species. The ideal situation would be to manage each species according to the context, as the likelihood of invasion and consequences of action varies substantially over time and space. However, this is impractical. The key challenge is to find ways of regulating movements of groups of nonnative species that are effective in reducing the threat of biological invasions; are based on objective, transparent, and defendable criteria; enjoy buy-in and support from most stakeholders; are aligned with international, national, and regional policies and priorities and best practice; and stand a chance of being implemented and enforced in real-world situations. Placing nonnative organisms into several broad categories can help to simplify this process (Baker et al. 2005; Burgiel and Perrault 2011) . There are three broad types of lists in general use: (1) an invasive species list (indicating that species are already present in the country and recorded as invasive, and that their use is regulated), (2) a prohibited list (indicating that species are not present in the country yet but the risk of invasiveness is high and their introduction is prohibited or subject to particular conditions), and (3) a permitted list (indicating that their risk of becoming invasive is low and that species are approved for being used without restriction).
Achieving the goal of effective and appropriate listing is challenging for many reasons and each group of species has its own set of problems that complicate the implementation of practical regulations. Moreover, challenges relating to the prevention of new invasions through listing are particularly acute for groups that contain species that are commercially or otherwise important and that, in certain instances, provide clear benefits but are harmful in other contexts (benefits and costs typically accruing to different stakeholders). Much attention is being given to dealing with aspects of invasions of groups of nonnative species that have a commercial value on the one hand, but cause damage as invaders on the other. Such cases give rise to a classic conflict of interests, where the benefits accrue to a number of people, while society at large bears the external costs (de Wit et al. 2001; Dickie et al. 2013; van Wilgen and Richardson 2013) . This paper considers a framework for integrating strong trade regulation components in nonnative species policies, using the family Cactaceae in South Africa as an example. We place this in the context of historical efforts to control invasions of cacti in South Africa and elsewhere, and draw conclusions that may be useful for invasive species regulation in general.
Methods
Study Case. All but one of the more than 1,900 species in the cactus family (Cactaceae; "cacti") are endemic to the Americas. The first nonnative cactus species arrived in South Africa early in the 18th century (Annecke and Moran 1978) . Over the following two centuries many species were introduced to produce fruit for human consumption and for livestock fodder (Walters et al. 2011) . During the last 60 yr, hundreds of additional species have been introduced to South Africa, almost exclusively for ornamental purposes. This cactus trade is worth an estimated 3.7 million US dollars (40 million Rand) annually (Novoa, Wilson, Le Roux, Richardson, unpublished data) .
Many of the introduced species have become naturalized and 35 cactus species are currently formally listed as invasive in South Africa. The threat of cactus invasions in South Africa to biodiversity, ecosystem functioning, resource availability, national economy, and human health has been recognized for well over a century (Walters et al. 2011) . The long and interesting history of introduction, use, and conflict of cacti in South Africa makes the Cactaceae an ideal group to study the criteria required for listing taxa for regulation.
Cactus species have been regulated in South Africa since the early 20th century ( 
Management Implications
This article develops a framework for assisting decision-makers in developing effective nonnative species policies.
Using cacti in South Africa as a case study, we consider several general approaches for imposing trade bans and evaluate these on the basis of the complexity of information required for implementation, the likely numbers of false positives and false negatives, the degree of public acceptance, and the costs of research and implementation. Following a consultative process, we provide recommendations that have been partly incorporated in national regulations.
Our study highlights the importance of combining scientific research, stakeholders' opinions, and legal components in developing new nonnative species policies.
Opuntia species were already causing economic problems to South African farmers (Paterson et al. 2011) . The identity of those species remains unclear owing to taxonomic and nomenclatural uncertainty and species misidentification that is still prevalent in the family (Annecke and Moran 1978) . For example, Opuntia ficus-indica (L.) Mill. (prickly pear) was then known under a range of names, including Opuntia elatior Mill., Opuntia maxima Mill., Opuntia megacantha Salm-Dyck, Opuntia schumannii Weber, and Opuntia tuna Haw. (Walters et al. 2011 ). Due to this nomenclatural instability and to prevent the introduction of new agricultural pests into South Africa, the Agricultural Pest Act of 1911 listed and prohibited the importation of all 190 species in the genus Opuntia.
In 1983, the Conservation of Agricultural Resources Act (CARA) changed the previous genus-level criterion for legislating the management of cactus species, and only the 14 species considered as invasive in South Africa at the time (cactus species capable of reproducing and spreading without the direct assistance of humans) were listed as Category 1 invaders. This meant that no person was allowed to establish, plant, maintain, multiply, propagate, import, sell, or acquire these 14 species.
In the amendment of CARA regulations in 2001 the same 14 species were listed again as Category 1 species (as in 1983). In 2009, a draft of the National Environment Management: Biodiversity Act (NEM:BA) Alien and Invasive Species Regulations was published for public comment. Eighteen cactus species were listed under these draft regulations. This list incorporated the 14 cactus species listed under CARA regulations and added four species. All of them were listed as Category 1b ("Invasive species requiring compulsory control as part of an invasive species control programme. These plants are deemed to have such a high invasive potential that infestations can qualify to be placed under a government sponsored invasive species management program. No permits will be issued to introduce or use this species in South Africa."), with the exception of Opuntia robusta H.L. Wendl. ex. Pfeiff. (blue-leaf cactus), which was listed under Category 2 ("Invasive species regulated by area. A demarcation permit is required to import, possess, grow, breed, move, sell, buy or accept as a gift any plants listed as Category 2 plants.") and Tephrocactus articulatus, (Pfeiff.) Backeb. (pine-cone cactus) listed as Category 1a ("Invasive species requiring compulsory control. Any specimens of Category 1a listed species need, by law, to be eradicated from the environment. No permits will be issued to introduce or use this species in South Africa."). During the deliberations for revisions to the NEM:BA regulations in 2014, one proposal was to list the entire Cactaceae family in Category 1b. If this had been enforced, it would have meant that no cactus species could be imported, owned, grown, multiplied, moved around the country, sold, bought, or even received as a gift in South Africa. Given the widespread popularity of cacti in the country, the costs of enforcing this legislation would have been prohibitively high, and it is likely that such strict measures would have generated substantial resistance. The reasons for this shift in regulations were not clearly explained. Clearly, a more rational and practical approach was needed.
Different Approaches to Regulate Cacti. Much work has recently focused on reviewing the invasive performance of particular groups of species in different situations around the world (e.g., Moodley et al. 2013; Potgieter et al. 2013; Richardson et al. 2011; Shackleton et al. 2014) . Here, we propose to use insights from this research to define different approaches for the management of a particularly challenging taxonomic group (cacti) in South Africa.
To identify potential approaches for regulating cactus introductions, we reviewed the literature on cacti as invasive species, recorded the number and identity of invasive cacti in South Africa and worldwide, and scrutinized previously proposed approaches for distinguishing levels of invasiveness in the family (see Novoa et al. 2015) . From the identified approaches we selected seven that we felt could potentially be implemented. Each of the seven approaches divided the family (comprising 1,922 species) into an invasive list (comprising the 35 species recorded as invasive in South Africa), a prohibited list (comprising those species identified by the criterion as likely to become invasive in South Africa), and nonlisted species (species not identified by the criterion as likely to become invasive in South Africa). We did not compile permitted lists, as they are not accommodated in current South African regulations.
Workshop with Stakeholders. As part of the efforts to engage with stakeholders on the decision-making regarding the regulation of cactus species in South Africa, a workshop was organized by the South African Cactus Working Group (SACWG) in April 2014. SACWG comprises representatives of all major stakeholders directly involved in cactus management and policy implementation, such as the South African National Biodiversity Institute, the South African National Department of Environmental Affairs, and the Agricultural Research Council. Its role is to coordinate cactus management at a national level with the specific objective of drafting a strategic framework to accommodate this aim. During this workshop, the 27 participants were asked to critique each of the proposed approaches for cactus regulation and to identify the most feasible approach for regulating cacti introductions and dissemination.
Criteria for Decision-Making. The suitability of each identified and discussed approach was evaluated with reference to six criteria: (1) level of understanding or amount of information captured by the approach (just trivial or basic information, information about the traits that showed correlation with invasiveness, information about the traits known to cause invasiveness (i.e. with a predictive ability), or information about underlying mechanisms of invasion); (2) costs of getting the information (high, medium, low, or no cost where required information is already available); (3) number of false positives (i.e., number of species considered as potentially invasive when they are not-high, medium, low, or none); (4) number of false negatives (i.e., number of species considered as not potentially invasive when they actually are-high, medium, low, or none); (5) public acceptance (low, medium, high, or all the stakeholders support the decision); and (6) costs of implementing the regulations based on this approach (high, medium, low, or zero).
Results and Discussion
Approaches for Regulating Cacti. Seven approaches were identified as options for listing cactus species: (1) any species currently invasive in the country (i.e., 35 currently invasive species); (2) any species invasive anywhere in the world (i.e., 35 currently invasive species + 23 species invasive elsewhere in the world); (3) any species invasive anywhere in the world with analogous climatic conditions to the target region (i.e., 35 currently invasive species + those species [from the 23 invasive elsewhere] established [native or invasive] in climatically similar areas); (4) any genera that contain invasive species (i.e., 13 genera [538 species] containing invasive species); (5) any growth form that contain invasive species (i.e., five growth forms [1,012 species] showing tendencies to become invasive); (6) any seed characteristics associated with invasiveness (species with larger seeds [number to be determined]); and (7) the Table 2 .
Workshop with Stakeholders. The results of the discussions between stakeholders on using the seven approaches in South Africa were the following: Only listing currently invasive species would limit conflicts of interest because no nurseries in South Africa trade with any of the species already recorded as invasive. This is in line with current regulations (approach 1). Only a limited number of species would be listed (35 species), making the list easy to manage. However, such a list ignores many potentially invasive species (Novoa et al. 2015) , both species already introduced and likely to invade with time and high-risk species yet to be introduced. Therefore criterion 1 alone is inadequate for addressing all components of risk.
Listing species based on invasiveness anywhere (approach 2) would also result in a fairly short list (58 species) and could easily be justified to stakeholders. However, despite worldwide introductions of cacti over several centuries, many species have not had the opportunity to display invasive tendencies because of short residence times or because past introductions have been to areas that are suboptimal for establishment and proliferation. Consequently, many potentially invasive cacti would be missed using this criterion. Moreover, as South Africa is one of the three regions with the longest histories of cactus invasions and has relatively high introduced and invasive species richness, approach 2 is essentially still reactive in nature (and better suited to regions with a shorter history of cactus introductions). Modifying approach 2 to take climate into account (approach 3), provides a greater degree of accuracy, but it is also essentially reactive for South Africa; it requires both expertise to run species-by-species bioclimatic models and detailed native range data with which to populate such models (for which data are not always available). Climate change might also alter future suitability.
South Africa historically prohibited the introduction of all taxa in the genus Opuntia (Table 1 ). As such, approach 4 has a precedent. It is also easier to identify genera than species of cacti and the nomenclatural instability within genera would be less of an issue. Most ornamental species belong to genera that currently do not contain invasive species, which means that the criterion would likely be favorably received by stakeholders. However, there is a wide variation in the species richness of genera. Under a strict interpretation, a single invasive species would lead to an entire genus being banned, and the approach is essentially reactive for monotypic genera (of which there are 35 in the family).
Listing cactus species by growth form (approach 5) would, in contrast to taxonomic approaches, be easy to implement. There would be no problems related to the nomenclatural instability of the family and regulated individuals would be easy to identify and to locate in the nursery trade (no special skills would be needed). However, it is not possible to identify a growth form when plants are introduced as seeds. All potentially invasive species would be regulated. However, many species that are not potentially invasive would also be prohibited.
Most cacti traded internationally, including all new cactus species entering South Africa, are disseminated in the form of seed (Novoa, Wilson, Le Roux, Richardson, unpublished data) . Consequently, some scheme of regulation based on seed characteristics (approach 6) is appealing if there is a clear link between seed features and invasiveness. However, information on the seed characteristics is not available for many species of cacti. Compiling such a complete list of seed characteristics and determining correlates between these and invasiveness would involve a major research project. At this time, regulation of cacti in South Africa based on seed characteristics is unfeasible.
Finally, the decision to regulate the whole family (approach 7) would put a significant horticultural industry out of business and would prevent many people from enjoying their passion, despite the fact that most cactus species likely have negligible risk of becoming invasive considering their long residence time and status. In South Africa, more than 200 different cactus species have been introduced by the horticultural trade over the last 60 yr (Novoa, Wilson, Le Roux and Richardson, unpublished data) . While such a criterion is appealing for its simplicity of implementation, there would be substantial resistance with the potential to reduce public support for regulations.
The stakeholders represented in the SACWG agreed that regulation at the genus level (approach 4) was currently the most appropriate approach for cactus species in South Africa.
Criteria for Decision-Making. The six assessment criteria were proposed in an initial form to the SACWG and revised after discussions. "Genus level" is the most suitable approach for listing cactus species (Table 3) , since it is the approach that generally encompasses the highest levels for each assessment criterion (see Supplemental Material for detailed interpretation of the position of each criterion; http://10.1614/IPSM-D-14-00073.S1).
General Discussion. Most invasions begin with the arrival of a small number of individuals or propagules (Wilson et al. 2009 ) and the costs of excluding future introductions is usually low relative to the cost and effort of control actions initiated after populations have arrived, established, and spread (Mack et al. 2000; Olson and Roy 2005; Simberloff et al. 1997) . Therefore, the approach followed in policies aimed at reducing problems with invasive cacti in South Africa in recent decades, by regulating only those species already invasive in the country, is inadequate. Other countries, including Australia and the United States, have also traditionally adopted an "innocent until proven guilty" approach, but this is changing. Already in 1997, the Australian Quarantine Inspection Service dropped this approach in favor of a risk assessment system for screening new plant imports and the U.S. Department of Agriculture's Animal and Plant Health Inspection Service is also considering a change in its policies. In 2006 the Ecological Society of America recommended that the U.S. federal government should use new information and practices to prevent the transportation, introduction, dispersion and spread of potentially harmful nonnative species (Lodge et al. 2006) .
To achieve the goal of prevention and eradication of invaders that are not yet widespread, banning all transportation, introduction, dispersion, and spread of nonnative species would be a simple, but draconian, option. The restriction in the flow of beneficial goods and services related to the regulated species will likely come with a substantial cost of public support. This extreme option is being applied on several islands of the SubAntarctic Biogeographical Region (Villiers et al. 2006) where nonnative species pose no conflict of interests. But in the majority of situations decision-makers must balance the need to prevent potential invasions against the ethical considerations and economic benefits of free trade.
The ideal situation would be to have a mechanistic understanding of invasion allowing us to develop lists of nonnative species with no false positives or negatives, for decisions to be supported by all stakeholders, and for there to be no costs of implementation. But this is unrealistic. What is required is an open, transparent process whereby the options are expressed and the pros and cons of each are identified and discussed (e.g., Kumschick et al. 2012a , for the management of nonnative species). In this paper we propose a decisionmaking protocol (Table 4) based on the achievement of the highest level of understanding with the lowest level of costs involved, the lowest level of false positives and negatives, the highest level of public acceptance, and the lowest level of costs of implementation (Table 3) .
To achieve the goal of nonnative species control in realworld situations, it is important to understand the full suite of traits influencing the invasion process. However, in many cases our level of understanding of the situation (Table 3) is low. Therefore the first step to improve our understanding is to identify traits correlated with invasiveness or impact (Kumschick et al. 2012b; Moodley et al. 2013) . Although correlates of invasiveness have been shown to be potentially useful for predicting invasions, such correlations do not explain invasions. Recognition of No costs of implementation 1 a The numbers in the table refer to the approaches in Table 2 : (1) currently invasive in the country, (2) invasive anywhere in the world, (3) invasive anywhere climatically suitable to the target region, (4) any genera that contain invasive species, (5) any growth forms associated with invasiveness, (6) any seed characteristics associated with invasiveness, and (7) whole family.
the link between functional traits and mechanisms of invasion has stimulated much research to improve traitbased approaches (Drenovsky et al. 2012 ). Reaching this maximum information level is a complex process that requires a substantial investment in research (criterion 2). In South Africa, regulations relating to cacti have, until now, been based on low-cost but trivial information: just those species that are known as invasive, all species of one genus, or all the species of the family (Table 1) . According to the approach advocated here for regulating cacti in South Africa (Table 2) , the highest level of understanding is reached by criteria relating to genus level and growth form, which implies low research costs (Table 3) .
Moreover, lists of nonnative species have to be accurate (Hulme 2012) : the number of false positives (criterion 3) and negatives (criterion 4) must be minimal. As discussed before, regulating species that pose a negligible risk (false positives) at best limits personal freedom and at worse creates conflicts of interest and a distrust of the system, and carries a substantial economic cost in terms of lost opportunities. Failure to regulate nonnative species with high risks of becoming invasive (false negatives) will incur significant control costs, will likely result in significant environmental and economic impacts, and is likely to limit control options. In South Africa the option of only banning recorded invasive cactus species will not include any false positives but will incur a large amount of false negativesseveral species currently not recorded as invasive in South Africa (i.e., species from the genera Harrisia, Cylindropuntia, or Opuntia) are likely to become invasive in the future in the absence of management; see Novoa et al. 2015 for further information), whereas banning the whole family, even with no false negatives involved, will result in a considerably high number of false positives. In this regard, the most accurate approach would be to impose a genus-level ban.
Policies relating to nonnative and invasive species must enjoy the support of the general public (Brody 2003) . While it may be cost-effective to regulate transport, introductions, dispersion, and spread, and arguably this is an imperative for signatories of the Convention on Biological Diversity (Olson and Roy 2005) , the decision to ban or place conditions on imports and use of nonnative species can restrict international trade and as such may run afoul of international trade agreements (Burgiel and Perrault 2011) . Thus, regulations must be transparently developed with stakeholder participation and should embody a clear scientific rationale in their formulation and application. In this study case the decision was discussed among all the stakeholders involved in the SACWG with the aim of minimizing those conflicts. As a result of this discussion, the proposals to ban particular growth forms (regulating more than half of the family Cactaceae, negatively affecting the ornamental trade) and the whole family (not permitting cactus ornamental trade) were the first discarded as they would clearly lead to serious conflicts of interests. The approach of imposing bans at the genus level was once again the most widely supported.
Finally, the proposed regulatory approach must stand a chance of being implemented and enforced. For example, the approach of banning cacti "invasive anywhere in the world with analogous climatic conditions to the target region" was soon discarded since the required distribution data to compute climatic predictions with an acceptable degree of certainty are not available.
In conclusion, banning "any genera that contain invasive species" was considered as the most pragmatic way of regulating the movement of cactus species because it is Table 4 . General process for developing recommendations for regulating invasive taxa, with the example of how it was applied to Cactaceae in South Africa.
Step Example for Cactaceae in South Africa 1. Review group, looking for correlates and mechanistic explanations for invasiveness See Novoa et al. (2015) 2. Develop approaches to regulating the group including both generic approaches (e.g., ban whole group), and group-specific approaches (e.g., ban cacti from specific growth forms), and work out implications of each approach Seven approaches considered (see Table 2) 3. Present to stakeholders and, in discussion, assess each approach based on set criteria (indicators)
Meeting of the South African Cactus Working Group held in April 2014. The seven approaches assessed on six criteria, with results in Table 3 and Supplementary Material (http://10.1614/IPSM-D-14-00073.S1) and text.
Present recommendations to regulators and publish results
This paper effective in reducing the threat of biological invasions; is based on objective, defendable criteria; enjoys the support from most stakeholders; is aligned with international, national, and regional policies; and is the most likely to be implemented and enforced. Including key parties in this decision-making process with the participation of stakeholders from the beginning increased trust, understanding, and support and ensured that all interests were reflected in the final regulations (Brody 2003) . We believe that the setup of scientific research combined with stakeholders' workshops as the SACWG and a final assessment based on the criteria discussed here provides a useful model for providing recommendations ( Table 4 ). Note that the results of our analysis are based on the requirements of current legislation (as defined under the NEM:BA, an invasive species is any alien species whose establishment and spread [1] threaten ecosystems, habitats, or other species or have demonstrable potential to threaten ecosystems, habitats, or other species and [2] may result in economic or environmental harm or harm to human health) and the current level of understanding of the invasiveness of the studied group. All these dimensions will change over time, which means that assessments like this one will need to be repeated at regular intervals (e.g., every 10 yr). Following the recommendations presented here, the SACWG proposed that "any genera that contain invasive species" should be banned. This recommendation was, to a large degree, adopted in the final version of the National Environmental Management: Biodiversity Act, Alien and Invasive Species regulations that came into force in October 2014, so that, rather than banning the whole family, restrictions are applied largely on the basis of banning particular genera (Table 1) .
